There are open research questions about the vertical structure of low-frequency ambient noise in deep water. For example Gaul et al.'s [IEEE JOE, 2007] analysis of the Church Opal data set showed that noise decreases substantially (on the order of 20 dB) below the critical depth, whereas other researchers have reported more modest reductions [Morris, JASA, 1978]. Two deep water experiments provided a unique opportunity to measure ambient noise using large vertical arrays. In 2004-2005 SPICEX used two arrays to sample a North Pacific environment. One array was centered on the sound channel axis, and the other array had hydrophones above and below the critical depth. In 2010-2011, the PhilSea experiment deployed a single array with 150 hydrophones spanning the full water column. Both experiments made repeated short measurements (each 2-3 minutes long) of the field at the arrays. This talk compares the ambient noise observed during SPICEX and PhilSea with results reported in the literature. Since these data sets contain receptions over the period of a year, we focus on the seasonal dependence of the noise field. In addition to investigating noise level as a function of depth, we consider wind dependence and vertical directionality.
INTRODUCTION
Measurements of ocean ambient noise are important for understanding noise generation and propagation and for designing sonar signal processing systems. There are open research questions about the vertical structure of low-frequency noise in deep water. For example Gaul et al.'s analysis [1] of the Church Opal data set showed that noise decreases substantially (on the order of 20 dB) below the critical depth, whereas other researchers, such as Morris [2] , have reported more modest reductions.
Two deep water experiments provided a unique opportunity to measure ambient noise using large vertical arrays. In 2004-2005 SPICEX used two arrays to sample a North Pacific environment. One array was centered on the sound channel axis, and the other array had hydrophones above and below the critical depth. In 2010-2011, the PhilSea experiment deployed a single array with 150 hydrophones spanning the full water column. Both experiments made repeated short measurements (each 2-3 minutes long) of the field at the arrays. This paper compares the ambient noise observed during SPICEX and PhilSea with results reported in the literature.
EXPERIMENTAL DATA SETS
This section briefly describes the two experimental data sets used for the ambient noise analysis in this paper. Both data sets were acquired as a part of tomography experiments that involved multiple investigators and institutions. The description below summarizes only the experimental details that are relevant for the noise analysis. PhilSea10 used a single water-column spanning VLA with 150 hydrophones. The VLA consisted of five subarrays. Near the sound channel axis the spacing is 20 m, and near the critical depth the spacing is 40 m. During PhilSea10 six tomography sources transmitted once every three hours on odd-numbered yeardays for the entire experiment. The DVLA recorded 155 seconds of data for each source transmission using a sample rate of 976.6 Hz. Five of the sources occupied the 200-325 Hz band and one source was in the 140-205 Hz band. Since there were no separate noise recordings made, the analysis focuses on the frequencies outside of the source band. One source failed part way through the year-long deployment, allowing the analysis of noise across the full measurement bandwidth using receptions after the failure. Fig. 2 shows the depths of the 150 hydrophones on the PhilSea10 VLA. The depths of the 60-elements used during the month-long Pilot Study conducted in 2009 are also shown. 
AMBIENT NOISE ANALYSIS
The ambient noise data for both experiments is analyzed using the standard averaged-periodogram approach developed by Welch [3] . Each reception is divided into 2-second blocks and each block is tapered with a window. The overlap between neighboring blocks is 50%. The power spectral density estimate is obtained by Fourier transforming the tapered blocks and averaging. The two following paragraphs provide examples of the results of the ambient noise analysis of the SPICEX and PhilSea10 data sets.
The SPICEX data was analyzed using 2-second blocks tapered with a Hamming window. Fig. 3 shows the median of the ambient noise received on both arrays for two frequencies: 50 and 300 Hz. The plot indicates that the shipping noise (50 Hz band) decreases approximately 6 dB between the sound channel axis and the deepest hydrophone, located below the critical depth. The observed drop below the critical depth in the SPICEX data is significantly less than the 20 dB reported by Gaul [1] . A probable reason for this difference is related to the bathymetry of the two experimental sites. Gaul's Church Opal measurements were taken at a site south of the Moonless Mountains, whereas the SPICEX site is located farther north. In a 1990 paper, Shooter et al. show how bathymetric features such as the Moonless Mountains can substantially reduce the distant shipping noise received on a deep array [4] . It is also worth noting other important differences between Gaul's data set and the SPICEX data. Gaul's data was acquired over a 10-day period, whereas the SPICEX data includes receptions over an entire year.
The PhilSea10 data was analyzed using 2-second blocks tapered with a Hanning window. substantially increased. This is due to vibration noise from cable strum. At 50 Hz the cable strum appears to affect hydrophones at depths shallower than 1000 m. Analysis of the SPICEX and PhilSea10 data sets is ongoing. The presentation at ICA will investigate the depth and wind dependence of the ambient noise. In addition we will analyze the vertical directionality of the field. A unique aspect of the SPICEX and PhilSea10 data sets is that they contain receptions recorded over the period of a year, facilitating an investigation of the seasonal dependence of the noise field.
